Abstract. A simple one-dimensional model describing nonlinear and nonlocal oscillations of electron plasma is considered. Due to regard of the nonlocality of the field potential, it allows one to smooth down the peaks of nonlinear waves, to steep up the wave front, and to modify the velocity amplitude and phase of the traveling wave.
Introduction
The intersection of the classical theory of solid bodies and magnetic hydrodynamics is under intensive investigation. This area serves as the theoretical basis of a wide area of modern technologies and devices. In many of the models of election magnetic hydrodynamics, a more complex spatial distribution of currents and fields is usually reduced by shifting to the corresponding two-or even one-dimensional systems, utilizing the symmetry of a model under study. Nevertheless, the magnetic field is essentially three-dimensional, and such simplifications can evoke manifestations of the effective nonlocality of a two-or one-dimensional medium.
A good example of such nonlocality can be electron flows in a flat plasma layer [1, 2] , and the Hall effect in thin films [3] , in which the nonlocality of the medium is manifested in an integral relation between the current density J and the z-component of the magnetic field z B expressed by the Ampère law:
The nonlocality of vortex filaments in solitary thin film [4, 5] and layered superconductors [6] where nonlocality is manifested in the expression for the two-dimensional current function ψ related to the non-divergent current density j ( z e is the unit vector of the axis z)
In the present work, on an example of a one-dimensional model, the problem of nonlinear and nonlocal oscillations of electron plasma is investigated. Due to regard of the nonlocality of the field potential it allows one to smooth down the peaks of nonlinear waves, to steep up the wave front, and to modify the velocity amplitude and to change the velocity phase of the traveling wave.
The Nonlocal Oscillations
In the case when a charge carrier charge transport in a solid body is effectively two-dimensional and is a sum of two or more random processes, the distribution of charge carriers turns into a nonlocal Lévy distribution [7] . However, if this is the case, for modeling a random process of this kind not a simple, but a fractional derivative should be used as the one corresponds better to the non-local Lévy process. When the effects of nonlocality are insignificant, and it is only the nonlocal change of potential gradient that contributes most to the charge carrier kinetics, whereas the Poisson and the continuity equations do not suit the purpose.
The simplest model of electron plasma oscillation, which takes into account the influence of the potential nonlocality, is described by the model system of equations:
Where ρ is the density of plasma, v is the velocity, and φ is the potential. The system of units
has been chosen. is a fractional derivative [8, 9] :
and the order of the derivative α ~ 1. Note here that at α =1 we have a classic system of evolution equations first described in [10, 11] . We will take into consideration only the traveling wave type solutions that depend only on the variable 
Where
is the fractional integral of the order α [8] . From the first equation in (5) follows the relation
Where A= const. It plays the role of the boundary condition. Also, from the other two equations of the system (5) it follows that:
and the Hamiltonian of the system 
The phase trajectories in the phase plane (X, Y) (see Fig.1 ) are closed curves surrounding the centerfocus (0, u 2 /4):
and crossing the axis x in the points . It is possible to show that the period of plasma oscillation for α = 1
and does not depend on the oscillation energy E. At the same time the oscillations are unharmonic. Interestingly, after substituting (7) the evolution equations turn into a system of separate equations: 
